Europ3lsches Patentamt 
Europ an Patent Office 
Office europden des brevets 



EUROPEAN PATENT APPLICATION 



@ Application number ; 93306096.4 
@ Date of filing : 02.08.93 



@ Int. ci.^ A23B 7/08, A23B 7/022, 
A23L 1/212, A23L 1/164 



(30) Priority ; 25.08.92 US 935068 



@ Date of publication of application ; 
02.03.94 Bulletin 94/09 



@ Designated Contracting States : 

AT BE CH DE DK ES FR GB GR IE IT U LU MC 
NL PT SE 



@ Applicant: KRAFT GENERAL FOODS, INC, 
250 North Street 

White Plains New York 10625 (US) 



@ Inventor : Kearns, Joyce Mary 
5 Horseshoe Court 
New City, New York 10956 (US) 
Inventor: Saleeb, Fouad ZakI 
4 Tanglewood Road 
Pleasantvllle, New York 10570 (US) 



@ Representative : Eyies, Christopher Thomas 
W.P. THOMPSON & CO. High Holbom House 
52-54 High Holborn 
London WC1V 6RY (GB) 



@ Improved dried fruits and cereal combinations thereof. 



(g) Improved dried fruits having improved handling and physical properties are provided by coating the 
fruits with a finely divided specially prepared calcium citrate reaction product. Also included is the 
combination of these improved dried fruits with dry cereals. 



<0 

in 



UJ 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



04/29/2003, EAST Version: 1.03.0002 



EP 0 584 976 A2 



FIELD OF THE INVENTION 

This invention reiates to improved dried fruits and particularly to new dried fruit products having improved 
properties initially and upon storage. Additionally, the invention includes the combination of these dried fruits 
5 with dry cereals. 

BACKGROUND OF THE INVENTION 

There is a long history of the desirability of and necessity for dried fruit products. Many of these products 

10 are simply dried under naturally occurring sunny conditions, such as raisins and other fruits are dried under 
controlled Industrial conditions to protect the color, flavor and texture of the products. The known commercial 
processes leave much to be desired in terms of handling, processing and the ability of the products so dried 
to remain desirably soft and natural looking over extended periods of time with minimal changes in color and 
flavor. Several techniques are known to obtain dried fruits having highly desirable softness properties. One 

_1S such ter.hniqiift is tha infiiRinn of HrieH friiitR wifrh sugar 

U.S. Patent4,350,711 entitled "Methods of Infusing Fruits" Issued September21, 1982 describes methods 
for incorporating sugar solids such as fructose to provide a soft and edible consistency even at freezing tem- 
peratures. U.S. Patent 4,364,968 entitled "Process for Preparing a Dried Grape Product" describes a dehydra- 
tion technique wherein grapes are immersed in an aqueous hydrophillic carbohydrate solution such as fructose, 

20 glycerol, corn syrup and the like having a concentration effective to provide significant osmotic withdrawal of 
water, removing the excess solution and drying to develop a natural raisin-like flavor. Although these dried 
fruit products as described provide satisfactory products, there is a significant disadvantage in the handling 
of these products because on storage these products tend to clump and on standing can further dehydrate 
losing softness properties as well as flavor properties. 

25 U.S. Patent No. 4»256,772 entitled "Fruit and Cereal Products and Process Therefor" issued March 17. 

1981, describes improved shelf stable breakfast foods containing dried fruits by equilibrating the moisture con- 
tent of the cereal particles with the fruit by infusion with an aqueous solution of edible polyhydric alcohol and 
sugar. After the infused fruit is dried it is dusted with a moisture binder such as finely ground corn, tapioca or 
potato starch. This is a complicated procedure and on standing, clumping and further dehydration of the product 

30 occurs. 

The combination of dried fruit and cereal provides extensive problems in storage. Major among the prob- 
lems encountered with dehydrated fruits for use as an admix with dry cereal is that of texture, flavor and avoid- 
ing the moisture of the fruit causing a soggy cereal. Generally in orderto have a satisfactory degree of stability, 
it is the usual practice to dehydrate the fruits to a level whereat they are hard and have a tough fibrous structure 
35 and texture. 

There remains a present need for the capability of treating dried fruits so that the dried fruit products retain 
more of their natural flavor and in dried condition remain soft, flavorful and a good color for extended periods 
of time. There also remains a need for a process which will enable the control of flavor and texture so that 
unique variations in the nature of the dried fruit product can be made as desired. Another problem is the han- 
40 dling of dried fruits which tend to clump when stored for extended periods of time. This problem creates ex- 
cessive tie-ups in the use of the dried fruit in production operations requiring special handling to break up the 
clumps of fruit. 

SUMMARY OF THE INVENTION 

45 

The present invention provides an improved dried fruit product and cereal combinations thereof. The im- 
proved food product of this invention comprises a dried fruit product coated wit h a reaction product of a calcium 
compound and citric acid which has specific mole ratios of calcium to citrate and specific pH ranges. 

Also included herein are dried fruits infused with sugar solids also coated with the unique calcium com- 
50 pound. These dried fruits are capable of being handled very efficiently with little clumping after standing for 
extended periods of time. Furthermore, the improved dried fruits of this invention maintain their softness and 
natural looks and are readily combined with dry cereals without the difficulty of the transfer of moisture to the 
cereal causing the cereal to become soggy, a condition not desired. 

55 DISCLOSURE OF INVENTION 

The present invention provides improved dried fruits for use in many consumable items and especially in 
cereal. A simple procedure is used by merely coating, partially or totally, the dried fruits with a special type of 
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reaction product of calcium and citric acid. 

The calcium citrate compounds used in this invention are reaction products of a calcium compound se- 
lected from the group consisting of calcium hydroxid e, calcium oxide and calcium carbonate, with citric acid 
wherein said reaction product has a mole ratio of calcium to citric acid from 2.50:2 to 2.95 to 2, preferably 2.61 :2 
5 to 2.92:2 and pH value in a 1% water slurry of said reaction product about 4 to below 7, preferably about 4,0 
to about 6.5 at 25°C. 

In general, these calcium citrate crystals are prepared by spray drying a neutralization mixture prepared 
by neutralizing citric acid with a slurry of calcium carbonate or calcium oxide or calcium hydroxide in water, 
e.g., a slurry of calcium hydroxide under controlled conditions to assure the production of the present new cal- 
10 cium citrate salts. Temperature, slurry solid content, rate of mixing of reactants and agitation time before spray 
drying are critical parameters in determining the physical characteristics of finai product. 

In particular, the calcium citrate crystais are prepared by first neutralizing citric acid with calcium hydroxide 
while controlling the rate and conditions of the reaction as well as the degree of neutralization. In the present 
process, a calcium hydroxide aqueous slurry is reacted with a citric acid solution in water resulting in a strong 

Jt5 exothermic reaction- Thft ratft nf rfiartinn^ ronrftntratinn nf rftar.tants and vflryinj rnnHitinn<t arA all important 

factors in producing calcium citrate salts of the desired pH values, moisture content and particularly the desired 
particle size. 

It is preferred to form two separate aqueous systems, one, a solution of citric acid and the second, a slurry 
of calcium hydroxide, calcium oxide or calcium carbonate and then mix the uniform slurry of calcium hydroxide 
20 or carbonate with the aqueous citric acid. The temperature of the mixture is not allowed to exceed about 60°C. 
The pH of the slurry so produced after thorough mixing should fall within the range of 4-6 and, if needed, should 
be adjusted to this range of pH. The slurry can be used as such or can be spray-dried or dried by other known 
drying steps. 

The produced calcium citrate salt is very insoluble in water providing about 0.1% by weight solution at am- 
25 blent temperature and slightly more soluble in hot water. During preparation of a batch and while waiting for 
spray drying of the batch the salts are present in the insoluble form, a slurry of tiny crystals which form ag- 
gregates of varying particle size ranging from 5 to 100 microns. In present experience, the best products are 
obtained by using the following conditions. 

The solids level of the aqueous slurry of calcium citrate salt is maintained at 20-26% and preferably at 22- 
30 24% by weight based on anhydrous salt. The slurry temperature during spray drying is from 80'-90'F (26.7- 
32.2°C). To avoid gel formation in the aqueous slurry, especially at temperatures below 70°F (21.1°C), and 
recrystallization which can occur on prolonged storage, spray drying of the aqueous slurry Is effected within 
about 4-5 hours after slurry preparation. The slurry is spray dried at an inlet temperature of from about 425°F 
to about 460°F (about 21 8.3°C to about 237.8''C) to deliver a free-flowing white powder with a moisture content 
35 of less than 6% and bulk density of from about 0.3 to about 0.7 g/cc. Extensive mixing and especially homog- 
enization prior to spray draying should be avoided since the aggregated particles of salt may be broken down 
into fine particles. 

The calcium citrate crystals generally have the following characteristics: 

Bulk Density 0.33-0.66 g/cc 

40 Granulation 95% through 100 mesh or 150 microns 

Rotatap, 8 min. 10% maximum through U.S. 400 mesh or 38 microns 

pH (1% by weight solution) 4.0-6.5 

Appearance free-flowing, white powder 

These salts are neutral or slightly acidic and have a well-defined crystal size. The salt can be employed 
45 in the form of the anhydrous salt or the hydrated salt. In the hydrated form, the salt can usually contain up to 

about 1 3-1 5% by weight of water of hydration. In general, it is preferred to use the salt in lower hydrated form 

with less than about 10% by weightof water of hydration. Of course, the hydrated salt can be dried to any level 

of water of hydration using known methods. On standing, the salt does not undergo any loss or gain of water 

during storage. 

50 The concentration of salt in these compositions can range from about 0.2% to about 22% by weight of the 

composition. 

The calcium citrate employed in the present invention is in the form of small platelet crystals. The average 
length of the crystals is below 3.0 microns, preferably about 1.5 microns, width below 2.0 microns, preferably 
abouti 1 micron and thickness below 1 micron, preferably 0.1 to 0.2 micron. During preparation, clusters of 
55 these tiny platelets aggregate together to form spherical particles that range from about 5 to about 1 00 microns 
in diameter. Such clusters are readily separable by mechanical stirring in water or by merely allowing the clus- 
ters to stand in water for protracted periods of time, e.g., overnight at room temperature. A most efficient met hod 
for reducing the clusters to the individual platelets is the use of mechanical shear, as provided by a ball mill. 
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Other mechanical stirring means that can be employed include homogenizers, microfluidizer or colloid mills, 
but the ball mill is more convenient particularly in the dry form. 

When mixed with water, particularly at levels above about 10% by weight, the present spray-dried calcium 
citrate salt platelets cause a significant increase in the viscosity of the mixture. Thus, at 1 5% to 20% by weight 
5 the aqueous calcium citrate compositions are in the form of thick pastes resembling soft cheeses and mar- 
garines in consistency. At 20% and higher levels, the mixtures tend to solidify, especially when highly efficient 
mechanical shear is used. 

In contrast with the results obtained with the special calcium citrate crystals used in this invention, com- 
mercial tricalcium dicitrate, whether in hydrated form (13% H2O) or after rigorous drying, does not exhibit the 

10 same properties and is ineffective when tested side-by-side with the calcium citrate used in this invention, or 
as an additive to aqueous food composition. Without being bound to any theory of operation of the present 
invention, the phenomena observed with the present new salts is attributable to the particle size of the salt 
crystals, relying almost completely on the shape, number and geometrical arrangement of the calcium citrate 
crystals as they disperse in the new food compositions of this invention. 

_J£ The amounts of calcium citrate reaction product of this invention to be coated on the dry fruit can vary. 

considerably depending on the stickiness of the dried fruit to overcome a stickiness of the dried fruit amounts 
from 0.2% weight to as high as 5% weight and higher, preferred by 0.2 to about 2% of calcium citrate reaction 
products can be coated onto the dried fruit. The coating of the dried fruit can be partial or total to prevent clump- 
ing, significantly improve handling of the fruit and at the same time the fruits will remain soft, flavorful and of 

20 good color for longer periods of time. 

The dried fruits which can be used in this invention can include whole fruit units and fruit pieces such as 
raisins, dates, apricots, prunes, cranberries, blueberries, currants, figs, apples, plums, bananas, pears, peach- 
es, pineapple, cherries, strawberries and the like. These dried fruits can also be coated or infused with infusing 
material selected from the group consisting of hydrophillic carbohydrates and polyhydric alcohols of sufficient 

25 concentration to provide a significant deposition of the carbohydrate alcohol within the fruit. Among the suitable 
carbohydrates and polyhydric alcohols are those such as glycerol, propylene glycol, butylene glycol, corn syr- 
up, honey, fructose, high fructose corn syrup, sortDitol, lactltol, mannitol and the like and combinations thereof. 
After the coating or infusion of the dried fruit, the resulting product can be coated, partially or totally, with'the 
calcium citrate reaction product which will decrease the stickiness thus improving handling and maintain the 

30 dried fruit at a highly desirable softness levels for extended periods of time. A highly desirable technique in t he 
utilization of infusion of the dried fruit Is the use of crystalline hydrophillic carbohydrates such as fructose. As 
an example using fructose, after fructose has been infused into the dried fruit, crystalline fructose is coated 
with the calcium citrate reaction product and this combination is coated onto the infused dried fruit, especially 
desirable in raisins. 

35 Another aspect of this invention, is the use of the novel and unique dried fruits and/or infused dried fruits 

of this invention in combination with dry cereals. It has been discovered that dried fruit coated with calcium 
citrate products of this invention admixed with dry cereal products when stored over prolonged periods of time, 
the cereal is not hydrated by the fruit to the degree of losing its crispness. Typically, cereal products such as 
processed flakes, pieces or extrudates of wheat, corn, bran, oats, rice and the like are packaged having a low 

40 moisture content wherein the cereal is very dry to the touch and crisp. Normally under the conditions of ad- 
mixing dried fruit with the dry cereal over a period of time.the moisture of the fruit fransfers to the cereal and 
provides a soggy cereal as well as unduly hard and excessively chewy fruit. The use of the dried fruit of this 
invention significantly reduces the possibility of producing a soggy cereal and maintains a highly desirable soft- 
ness of the dried fruit after several weeks of storage. By this invention, a simple technique is provided to pro- 

45 duce highly desirable dried fruit containing cereals. 

The following examples are provided to further illustrate the Invention. 

EXAMPLE 1 

60 Acalclum citrate sample was prepared by reacting 2763.8 lbs. of citric acid with 1 600 lbs. calcium hydroxide 

(97-98% Ca(OH)2 by analysis) in the presence of 1433 gallons of water. The mole ratio of calcium hydroxide 
to citric acid was very slightly less than 3:2, actually 2.92:2. The citric acid (Pfizer fine granular, food grade) 
was mixed in a large batch tank with 675 gallons of cold water. The calcium hydroxide (Mississippi Lime, hy- 
drated lime food code) was mixed in a separate batch ta nk with 675 gallons of cold water. The calcium hydroxide 

55 slurry is then pumped Into the citric acid solution at a rate to deliver the entire slurry in 10-15 minutes. It is 
necessary to have good agitation during the entire reaction and mixing process. The remaining 83 gallons of 
water Is used to rinse the calcium hydroxide lank and transport lines. Due to the heat of reaction, the temper- 
ature of the resultant slurry was Increased from an initial value of 15°C (60°F) to a maximum of 57'C (134°F). 
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After the reaction is complete, the batch is cooled to SO-QCF. The final pH of this concentrated slurry 22% 
calcium citrate, (dry basis) should fall within the range 3.8-4.6 or can be adjusted up or down using the reacting 
Ingredients. The slurry is then dried via spray drying utilizing a rotary wheel (7600 rpm). The outlet temperature 
was adjusted to 225^F and the inlet temperature was 450"^ 
5 The calcium citrate powder obtained after spray drying was a free-flowing white powder with a moisture 

less than 6.0% and a bulk density in the range 0.33-0.65 g/cc. The pH of 1% slurry in water was 5.5, 95% of 
the powder passed through U.S. 200 mesh. 

EXAMPLE 2 

10 

Experimental results are given below when anhydrous citric acid was neutralized using basic calcium salts 
(oxide or hydroxide). No calcium carbonate was used because of the large volumes of carbon dioxide that will 
be released during the reaction. The table gives the number of mols of calcium oxide or hydroxide added to 2 
mols of citric acid and the pH of a 1% aqueous slurry of the resultant spray dried calcium citrate salt, (After 
15 reaction, agitation and spray drying as described in Example 1. 1g of the resultant calcium citratft salt w a<i Hig- 
parsed in TOO ml distilled water for pH measurements.) 



TABLE I 



20 


MOLAR RATIO OF CITRICrCALCIUM IN CALCIUM CITRATE 


Citric Acid (Mol) 


Calcium (Mol) 


pH (1% Slurry in Water) 




2 


2.375 


3.95 


25 


2 


2.613 


4.04 




2 


2.850 


4.64 




2 


2.910 


5.25 


30 


2 


2.910 


5.33 




2 


2.92 


5.5 




2 


2.99 


7.2B 



35 Commercially available tricalclum citrate (3 calcium mols to 2 mols citric; Ca^ (Cit)2 shows a pH of 9-11 (a 

1 % slurry in water at 25°C). It is evident from the table that the composition range of our calcium citrate (slurry 
pH between 4 and 7) is Caa^ (Cit)2 to Ca2.95 (Cit)2 for pH values in the range of 4-7. 

The new calcium citrate salts of this invention are distinct from tricalclum citrate which is commercially avail- 
able (Pfizer, Inc.) as is obvious from the following data: 



40 



45 



Commercial Tricalclum Citrate (pf izer. 
Inc.) 




New Calcium Citrate Salts of the Invention 


10.66 


Moisture % 


Less than 5.5 


17.64 


%Ca 


22.16 


19.74 


%Ca (drywt.) 


23.7 


9-11 


pH 


4-7 



EXAMPLE 3 

50g of raisins were coated with 3 different levels of calcium citrate of Example 1 , namely 0.5%, 1 and 2% 
55 (wt./wL). A sample of calcium citrate was ball-milled for 30 minutes before addition to the sticky raisins. The 
required weighed amounts of the finely divided calcium citrate were added to the 50g of raisins in a 8 oz. glass 
jar The caps were tightened and shaken by hand for 1 minute, followed by examining the coated raisins. In all 
cases free-flowing raisins were obtained. At the level of 0.5 and 1% calcium citrate coating, practically all the 
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added anti-sticking agent was picked by the initially sticky surface of the raisins. When the level of calcium 
citrate Is 2% on the raisins, part of the added calcium was not picked up by the raisins. 

EXAMPLE 4 

5 

Whole soft dates (water activity of 0.60) were cut into 1/4 inch cubes. The cut cubes were very sticky, when 
put together in a glass jar, a one piece cluster is obtained in a few minutes. However, if calcium citrate dry pow- 
der of Example 1, is added to these cubes, as a dusting, free flowing, non-sticky cubes were obtained without 
altering the softness and taste of these dates. A level of calcium citrate of 2% is ideal to coat and alter the 
10 stickiness of the cut dates (25g cut date cubes and 0.5g calcium citrate). A higher level of calcium citrate is 
needed for the cut dates which have no skin (as compared with uncut dates). 

EXAMPLE 5 

is Dried apricots were cut into 1/4 inch pieces (Aw = .71). 25 grams of these sticky piecp.<s wArft_pn t jfL^ a^o^ 

glass jar to which was added 1% dry calcium citrate of Example 1. Upon agitation the apricots became lightly 
dusted and free flowing. The appearance and flavor were excellent. 

Pitted Prunes were chopped (Aw = .77) and found to be extremely sticky and unmanageable. The addition 
of 2% calcium citrate of Example 1 to 25g in a 4 oz. jar resulted in a somewhat free flowing product which was 

20 much easier to handle. 

EXAMPLE 6 

In this Example, ball-milled, finely divided calcium citrate of Example 1 was mixed first with crystal) in efruc- 
25 tose. The level of calcium citrate on fructose was 2% (by weight). 

25 grams samples of whole, uncoated raisins (select) were mixed in 4 oz. covered glass jars with 5% or 
10% of their weight of the calcium citrate coated fructose prepared above. 

In both cases, free-flowing, non-sticky raisins were obtained with significantly enhanced flow character- 
istics over the control starting material. Practically all the added crystalline fructose and the calcium citrate, 
30 non-sticking agent were picked by the surface of the raisins. At the 1 0% fructose-calcium citrate coating level 
a small amount of excess coating mixture (-1 0%) was obtained. To increase the fructose level above 8%, sur- 
face wetting of the whole raisins was necessary so that more fructose crystals can adhere to the surface. The 
calcium citrate was necessary to eliminate the sticky nature of the final products. 

35 EXAMPLE 7 

25g of chopped dates (same as in Example 3) was put in a 4 oz. covered glass jar and 0.25g ball-milled 
calcium citrate powder of Example 1 was added to the sticky mass of chopped dates. A significantly improved 
flow characteristics was obvious in a matter of few minutes. To these calcium citrate coated chopped dates 
^ 3.75g of crystalline fructose (surface treated with 2% calcium citrate) was added and mixed thoroughly, via 
rotation, with the chopped dates. A very uniformly coated, free-flowing, date cubes were obtained with signif- 
icantly improved appearance, sweetness and without effecting its flavor profile. 

EXAMPLE 8 

200g of whole raisins (select size) were added to 275g of an 80% fructose syrup (a stock made up from 
800g crystalline fructose + 200g water). The fructose syrup was heated to 90^C before the addition of the rai- 
sins. The raisins were fully immersed in the fructose syrup for a period of 10 minutes. After this surface treat- 
ment the raisins were strained on a mesh screen and allowed to drain. Avery sticky wetted mass of syrup coat- 

50 ed raisins was obtained that retained 28g of the fructose syrup. At that point, 30g of crystalline fructose coated 
with 2% calcium citrate of Example 1 was added to the sticky wetted raisins in a 32 oz. covered glass jar. The 
jar was rotated by hand for 3 minutes. After that treatment the sticky raisins mass was transferred to a free- 
flowing, non-sticky, sweeter and highly appealing fructose coated raisins. The visual appearance of these fruc- 
tose coated raisins were much more appealing than the commercially available sucrose coated raisins. The 

55 fructose crystals were strongly held on the surface of the raisins by the fructose syrup and calcium citrate 
prevented the stickiness commonly expected from fructose crystals particularly in the presence of fructose 
syrup. 

6 
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EXAMPLE 9 

Raisins have been coated with honey and the resultant sticky mass was made free flowing by adding crys- 
talline fructose and finely divided calcium citrate of Example 1 and crystaliine sucrose and calcium citrate of 
5 Example 1 in the other set of experiments. 

The honey coating procedures used are as follows: Pure Honey was mixed 8:1 with water (88.89% honey) 
and warmed to a temperature of 40°C to reduce the viscosity thus allowing the solution to be sprayed on the 
raisins. Sufficient coating is sprayed on to take into account losses due to vessel coating. For these two sam- 
ples, 33 grams of honey Awater solution was sprayed on 900g of select untreated raisins in a glass jar. The raisins 
10 and honey were rolled in the jar for about two minutes maintaining between 30 and 40X to evenly coat the 
honey on the surface of the raisins. For both samples, the level of coating deposited was determined by weigh- 
ing the coated raisins and was found to be 3.0% or 2.7% pure honey on the raisins. 

The two 900 grams honey coated raisin samples were then allowed to return to room temperature and 
each coated with the following flow systems to reduce the stickiness of the raisin: 
15 1) 90 grams fructose coated with 3% calcrunrt citrate of Example 1 

2) 90 grams sucrose (fine granulation) coated with 3% calcium citrate of Example 1 

The crystalline sugars were poured on the honey coated raisins in the Jar and rotated until all the sugar/cal- 
cium citrate was adhering to the raisins and the raisins were free flowing. 

20 EXAMPLE 10 

1 00 grams of sucrose infused dried cranberries (Aw = 0.515) were soaked in 1 50 grams of an 80% fructose 
syrup for one minute at 60°C. The fruit was then drained and 24g of coating remained resulting in very sticky, 
hard to handle fruit 15g of a crystalline fructose calcium citrate blend (98:2) of Example 8 was put in a glass 
25 jar with the sticky fruit and agitated for 1 minute. The fruit was immediately free-flowing, easy to handle, with 
a greatly enhanced organoleptic profile. The fruit appeared more tender than before treatment and the added 
sweetness from the fiructose coating blended well with the tartness of the cranberries. 

EXAMPLE 11 

30 

A series of experiments were run similar to Example 8 using various periods of immersion of the raisins 
in 80% fructose syrup. The temperature of the syrup was also varied from room temperature to QO^'C. Table It 
summarizes the experimental variables. Again, select raisins were used. 

35 TABLE H 



Samples 


WL Of 

Raisins 

(9) 


Temp, of 
Fructose 
Syrup (X) 


Immersion Peri- 
od (Hr.) 


Syrup Retained 
by Raisins (g) 


Calcium Citrate 
Crystalline 
Fructose of Ex- 
ample 6 Added 
(9) 


Comments 


1 


400 


90 


1 


65.9 


60 


Free Flowing 


2 


200 


90 


2 


33 


40 


Free Flowing 


3 


200 


90 


6 


45 


30 


Free Flowing 


4 


200 


60 


6 


24 


30 


Free Flowing 


5 


200 


25 (Amb.) 


16 


17.6 


60 


Free Flowing 


6 


200 


60 


5 min. 


16.0 


30 


Free Flowing 



In all the Samples (1-6) sweeter, free-flowing non-sticky raisins were obtained. The calcium citrate provided 
the simple transfer of a very sticky mass to a very f lowable product in a very short period. The f lowability was 
55 checked with time (up to 2 months) at room temperature, in the presence of cereal flakes, as well as under 
controlled compression (weight load of 0.25 lb. per square inch). These compression tests resemble storage 
and packaging conditions of 550 lb. of raisins in a 52x57x54 inch containers. Under all these storage/handling 
conditions the fructose treated samples protected by the calcium citrate showed no signs of adhesion and the 

7 
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formation of sticking masses even under compression for weeks. 



EXAMPLE 12 



5 Raisins treated under Example 1 1 conditions of this invention were mixed with corn flakes (2.9% moisture) 

in glass jars. 14g of raisins and 75g of the flakes were added together in 32 02. glass jars. The jars were closed 
and sealed with adhesive tapes. The contents were mixed thoroughly by rotating the jars slowly. All the jars 
were stored in a constant temperature room (100''F) and a relative humidity of 30%, After two weeks at lOO^F 
the jars were opened and both the raisins and the flakes were evaluated organoleptically. As controls, untreat- 

10 ed raisins (the starting material for this work) as well as a commercial sugar coated raisin (select grade) were 
used. The experiments were as follows: 
Control I: Uncoated select raisins 

Control II: Sucrose coated cereal raisins 
Variant I: Raisins prepared according to Example 11, Sample 1 

15 Variant II: Raisins prepared according to Example 11. Sample 4 

Variant HI: Raisins prepared according to Example 11, Sample 6 
Variant IV: Raisins prepared according to Example 11, Sample 5 

These evaluations showed that the raisins of this invention are much softer than the untreated raisins as 
well as the sugar coated commercial raisins. These controls were hard and chewy where as the calcium citrate- 

20 fructose treated raisins were soft, sweet and not chewy. All Variants I through IV were superior to Controls I 
and II. In all cases of the Variants, the cereal flakes were crunchy and very acceptable. 



EXAMPLE 13 



25 Raisins treated with calcium citrate/fructose of Example 8 were blended with bran flakes(4.1% moisture) 

in aluminum foil bags. 105 grams of the raisins were thoroughly mixed with 300 grams of bran flakes and sealed 
in aluminum folf bags (9x14 inch) and stored in a 100°F room at 30% relative humidity. Two controls were used; 
the uncoated raisins as well as a sucrose-coated commercial raisins. The details of the experiments are as 
follows: 

30 Control I: Sugar coated Sun Maid raisins 

Control 11: Uncoated Sun Maid select raisins 

Variant I: Select raisin calcium citrate/fructose treated of Example 11, Sample 1 

Variant II: Raisins prepared according to Example 11, Sample 4 

Variant III; Raisins prepared according to Example 11, Sample 6 

35 Variant IV: Raisins prepared according to Example 11, Sample 5 

After a period of 30 days of storage at 100°F and 30% relative humidity the Samples were brought to room 
temperature, opened and evaluated for the bran crispness and for the softness of the raisins. Experts in Cereal 
Technology were asked to rate these Samples. In all cases, the calcium citrate fructose treated raisins were 
significantly softer than the untreated starting raisins as well as the commercial sugar treated raisins. The con- 

40 trols were described as hard and chewy whereas the variants were characterized as soft. The degree of soft- 
ness was slightly higher for the Sample 4 immersed in fructose syrup for 6 hours at eo^'C. 



EXAMPLE 14 



Aqueous solutions of fructose and glycerol were prepared. Given amounts of raisin were soaked in the 
glycerol/fructose solution for various periods of time at different temperatures. At the end of the infusion period 
the treated raisins were drained and the weight of the infused glycerol/fructose as well as the weight of the 
sticky film on the raisins was determined from the weight difference before and after soaking. At that point 
the sticky raisins were treated with crystalline fructose containing 2% calcium citrate as made in Example 8 
to the level of 15% of the original raisins weight, to produce a free flowing fructose/glycerol infused raisins. 
The different experimental data are summarized in Table III. The Table also includes the water activity (Aw) of 
the original glycerol/fructose aqueous soak solution. 
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TABLE III 





THE AMOUNT OF INFUSION/COATING OF RAISINS FROM AQUEOUS GLYCEROL /FRUCTOSE SOLU- 
TIONS 




5 


Samples 


Raisins 
Weight 


Soak Solution 


Soak Time 


Soak Temp 


Wt Increase 










Weight 


Composition 


Aw 










10 


1 


400.2g 


SOO.OOg 


75% Fructose 
12.5% Glycer- 

01 


0.406 


1 hour 


60/65''C 


10.0% 




15 








12.5% Water 














1a 


400.4g 


eoo.oog 


ditto 


0.406 


5 hours 


60/65X 


10.2% 






1b 


400.5g 


SOO.OOg 


ditto 


0.406 


1 5 hours 


60/65°C 


10.7% 




20 


1c 


400.3g 


eoo.oog 


ditto 


0.406 


24 hours 


60/65X 


10.7% 






Id 


1400.2g 


3000. OOg 


ditto 


0.406 


1 week 


40''C 


10.4% 






2 


400.0g 


750.00g 


69% Fructose 


0.414 


72 hours 


40°C 


11.6% 




25 








19% Glycerol 
12% Water 














3 


600.2g 


1400.00g 


70% Fructose 


0.558 


24 hours 


60/65X 


14.4% 




30 








10% Glycerol 
20% Water 














4 


400.5g 


913.00g 


73% Fructose 


0.593 


24 hours 


60/65X 


13.6% 




35 








6% Glycerol 
21 % Water 













The data shows that the weight increase of the raisins after soaking (weight increase column) is more de- 
pendent on the composition of the fructose/glycerol aqueous solution, particularly its water activity (Aw). The 
differences are more significant when calculating the amount of material infused inside the raisins. 

For glycerol/fructose solution of water activities of 0.406 and 0.414 thwere is very little infusion (1-2% only) 
irrespective of time and temperature. However, at higher water activities (>0.5) significantly higher infusion 
weights are noticed (8.8%). The raisins of Samples 3 and 4 are much softer than those produced under con- 
ditions 1 and 2 in Table III. The latter were also softer than the control. 

In all cases provided In Table III the sticky raisins coated and Infused by fructose and glycerol were trans- 
ferred from a gummy mass to a free flowing coated raisins by simply adding crystalline fructose mixed with 
2% of calcium citrate of Example 1. 

EXAMPLE 15 

Two 50 gram samples of raisins coated with 9.3% fructose syrup were placed in individual 8 oz.(236.59 
ml) glass jars. To the sticky raisins in one jar was added 1% (based on the weight of the untreated raisin) of 
commercially available dry tricalcium dicitrate (Merck) as described in Table I of Example 2. In the other jar of 
sticky raisins was added 1% of the dry calcium citrate reaction product of Example 1. Both jars were capped 
and shaken by hand until all the powder was dispersed. This resulted in raisins which were free-flowing rather 
than a sticky mass. The flow properties of the raisins treated with the calcium citrate reaction product of this 
invention (Example 1) were better than those treated with commercially available tricalcium dicitrate, 
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Claims 

1 . Afood product comprising a dried fruit coated wit h a finely divided reaction product of a calcium compound 
selected from the group consisting of calcium hydroxide, calcium oxide and calcium carbonate with citric 
acid wherein said reaction product has a mole ratio of calcium to citric acid from 2.5:2 to 2.95:2 and a pH 
value in a 1% water slurry of said reaction product from about 4 to below 7 at 25°C. 

2. A food product according to claim 1 , wherein the calcium reaction product has a mole ratio of calcium to 
citric acid from 2.61:2 to 2.92:2. 

3. A food product according to daim 1 or daim 2, wherein the calcium reaction product has a pH value in a 
1 % water slurry of said reaction product from about 4.0 to about 6.5. 

4. A food product according to any one of claims 1 to 3, wherein the dried fruit is selected from raisins, cur- 
rants, dates, prunes, figs, apples, bananas, pears, peaches, pineapple, apricots, cranberries, plums, blue- 

bsrnesT^hernes-artch-strawbBmes: 

5. A food product according to daim 4, wherein the dried fruit is raisins. 

6. A food product according to daim 5, wherein the raisins are honey coated. 

7. A food product according to daim 4, wherein the dried fruit is dates. 

8. A food product according to daim 4, wherein the dried fruit is apricots. 

9. Afood product according to daim 4, wherein the dried fruit is prunes. 

10. Afood product according to daim 4, wherein the dried fruit is cranberries. 

11. A food product according to any one of claims 1 to 10, wherein the dried fruit comprises dried fruit infused 
with infusion material selected from the group consisting of a hydrophillic carbohydrate and a polyhydric 
alcohol. 

12. A food product according to claim 11, wherein the infusing material is selected from glycerol, propylene 
glycol, butylene glycol, corn syrup, honey fi'uctose, high fructose corn syrup, sorbitol, lactitol, mannitol 
and combinations thereof. 

13. A food product according to daim 11 or daim 12, wherein the infusing material is fructose. 

14. A food product according to any one of claims 11 to 13, wherein the dried fruit is raisins, the hydrophillic 
carbohydrate is fructose and the raisins are coated with fructose coated with said calcium citrate reaction 
product. 

15. Afood product according to daim 11 or claim 12, wherein the infusing material is a mixture of fructose 
and glycerol. 

16. Afood product according to daim 11 or daim 12, wherein the hydrophillic carbohydrate is fructose coated 
with the calcium citrate reaction product. 

17. A food product comprising the combination of a dry cereal and a food product according to any one of 
claims 1 to 16. 

18. A food product according to claim 17, wherein the cereal is selected from wheat, corn, bran, oats, rice 
and combinations thereof. 

19. Afood product according to daim 17 or claim 18, wherein the dried fruit is fructose infused raisins. 

20. A food product according to any one of daims 1 7 to 1 9, wherein the dried fruit is fructose infused raisins, 
coated with a finely divided reaction product of a calcium compound selected from the group consisting 
of calcium hydroxide, calcium oxide, and calcium carbonate wherein said reaction product has a mole ratio 
of calcium to citric acid from 2.61 :2 to 2.92:2 and a pH value in a 1 % water slurry of said reaction product 
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from about 4.0 to about 6.5. 
21. A food product according to any one of claims 1 7 to20, wherein the dry cereal is bran. 
^ 22. A food product according to any one of claims 17 to 21, wherein the dry cereal is cornflakes. 
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